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EXECUTIVE SUMMARY
Source of the Nile Fish farm (SON) is located at Bugungu area in Napoleon Gulf, northern Lake
Victoria. The proprietors of the farm and the National Fisheries Resources Research Institute
(NaFIRRI) have an established collaborative arrangement where NaFIRRI provides technical
back-stopping to enable quarterly environment monitoring of the cage site; a mandatory
requirement of the National Environment Management Authority (NEMA). The agreed study
areas are physical-chemical factors (water depth, water transparency/secchi depth, water
temperature, dissolved oxygen, BOO, pH, conductivity), and selected nutrients), algal
community (including primary production), aquatic invertebrates (zooplankton and macro-
benthos) and the fish community. This report presents field observations made during the th ird
quarter (July-September) field survey undertaken during August 2014; along with scientific
interpretation and discussion of the results in reference to possible impacts of the cage facility
to the water environment quality and aquatic biota.
The SON cage study sites were coded as 'downstream of the cages' (OSC), 'within the cages'
(WIC) and 'upstream of the cages' (USC). Coordinate locations of the sampling points were
determined with a GPS device. Physical-chemical parameters were measured in-situ with a pre-
calibrated hydrolab at each site. A digital Echo Sounder was used to determine the total water
depth. A black and white Secchi disc was used to determine water column transparency. Water
samples for determination of nutrient and algal status were collected with a Van dorn sampler.
Selected dissolved nutrients (SRP, NOrN, NOrN, NH4-N TN, TP) and TSS were analyzed by
spectrophotometric methods. Zooplankton community was sampled with a Nansen plankton
net of 0.25m mouth opening and 60llm Nitex mesh. The macro-benthic community was
sampled with a Ponar grab of 238cm2 open jaw area. All samples were taken in triplicate at
each sampling point. Invertebrate samples were microscopically examined for species
composition, distribution and abundance patterns. The Fish community was sampled with three
fleets of gill-nets of varying mesh sizes; fish caught were taxonomically identified and species
numbers and weight recorded per site. Observations were also made on aspects of parasites,
biology and ecology of the fishes.
Total depth ranged between 2.24 metres at OSC to 13.4 metres at USC, and contrasted sharply
with previous measurements of 2 metres at OSC and 8.53 metres at USc. Secchi depth, ranged
between 1.9 metres at USC and 2.21 metres at WIC. Average dissolved oxygen concentration
was between 7.3 ± 0.988mgjL at USC and 8.1 ± 0.560mg/L at Osc. There was no discernible
differentiation of dissolved oxygen concentrations between the three study sites. Average
water temperature was between 25.0 ± 0.205 0 at USC and 25.4 ± 0.3710 C; values which are
generally within the optimal range supporting life in water. Average pH around the cage sites
ranged between 7.6 ± 0.988 and 8.1 ± 0.560, which is within optimal pH level (8) for cage fish
farming. Conductivity ranged between 95.0 ± 0.516 at USC and 96.8 ± 1.908 IlScm-l at DSC; a
range considered low but within expected values for Lake Victoria. Mean BODs at SON cage
farm ranged between 8.8 ± 4.117 mg/L at USC and 14.2 ± 3.368 mg/L at DSC; a range that is
within acceptable concentrations for aquaculture practice.
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Soluble reactive phosphorus (SRP) ranged from 0.00058mg/1 at WIC to 0.0143mg/1 both at the
reference site (USC) and at the downstream site (DSC). Nitrate-nitrogen levels varied between
<0.00001mg/1 at WIC/ to 0.00005mg/1 at USC. Ammonium-nitrogen was generally low at all
study sites, varying between 0.000005mg/1 and WIC/ to 0.000048mg/1 at DSC. Total nitrogen
ranged from 0.271mg/1 at WIC/ to 0.463mg/1 at USC and 0.633mg/1 at DSC; a spatial trend
comparable to that for total phosphorus and Chlorophyll-a. Total suspended solids (TSS)
exhibited minimum variation across the study sites i.e. 3.06mg/1 at WIC/ 3.27mg/1 at USC and
3.36mg/1 at DSC. The observed levels of the investigated nutrients were generally below those
considered toxic to fish and other aquatic organisms and generally fell below the maximum
permissible limits of NEMA.
The algal community was composed of three broad taxonomic groups: Blue-green algae, Green
algae and Diatoms. Blue-green algae had the highest biomass in all three study transects as has
been the case in all previous surveys. The site with cages (WIC) had the least number of algal
species, 14 compared to USC with 24 and DSC with 17 species. This spatial trend was
comparable to that for algal biomass but represented a significant variation from previous
trends showing peak values at the site with fish cages (WIC).
Total zooplankton species number was 21/ with copepods ranging between 1 and 5;
cladocerans, 0 and 5 and rotifers 3 and 8. The present pattern of species distribution across
sampling sites was in sharp contrast to previous observations depicting persistent species
depressions at the site with cages. Two sites with cages, (WIC2 and WIC3) registered high total
mean abundance of zooplankton (18/122±14/765 and 17/280±13/834 indo m-2 respectively) and
these high values were in contrast to previous results showing persistent lower values at the
site with cages (WIC).
The macro-benthos community was constituted by five broad taxa, namely Bivalvia and
Gastropoda; Ephemeroptera; Diptera and Annelida. Diptera was the most diverse group,
represented by six taxa while Bivalvia and Annelids were represented by a single taxon each.
The highest number of taxa (14) was recorded at the reference/upstream site (USC) while lower
numbers (12) were each recorded at the site with cages and downstream of the cages. Overall
pattern of numerical abundance showed highest values at DSC (> 700 ind./m2) while USC and
WIC supported comparable and lower mean densities (400-500 ind./m 2).
A total of 4 fish species, including haplochromines (Nkejje) as a single species group, were
recorded in the study area. Haplochromines (Nkejje) dominated the catch by numbers (81.8%)
followed by Lates niJoticus (13.6%)/ Oreochromis niJoticus (2.3%) and Mormyrus kannume. By
weight, O. niJoticus was leading (36.2%) followed by Haplochromines (28.5%), M. kannume
(24.9%), and L. niJoticus (10.5%). The lowest fish species diversity was 2 species recorded at the
Upstream/reference site while the highest diversity of 3 species occurred both at the site with
cages (WIC) and the downstream (DSC). Fish relative abundance was highest upstream of cages
with 75% followed by the fish cage site with 15.9% and the downstream site with 9.1%. The
highest biomass (42.3%) was recorded within the fish cages (WIC) followed by the downstream
(29.3%) and the upstream (28.4%) sites.
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Overall, the August 2014 survey results showed some shifts in trends of some investigated
parameters (Le. algae and zooplankton) with reference to the three study sites. The consistency
of such shifts can only be confirmed by future monitoring surveys. However, there was no
striking evidence of impacts of the SON cage fish farm operations on the water quality, fish
stocks and other biota in the survey area.
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1.0 BACKGROUND
It is an obligatory requirement of the National Environment Management Authority (NEMA) of
Uganda to undertake regular environment monitoring at all sites conceived to be sensitive to
the natural environment. Fish cage culture in natural water bodies, which is currently being
promoted in Uganda, is one such area that requires regular environment monitoring by a
competent environment agency. Periodic environment monitoring surveys at the Source of the
Nile (SON) cage fish farm, which were initiated in 2011 (quarterly) were sustained through 2012
(bi-annual), 2013 (quarterly) up to the present time (quarterly) aimed at tracking possible
negative developments resulting from the cage fish operations. The monitoring reports for the
2011, 2012 and 2013 surveys indicated no serious environmental perturbations at the cage fish
farm save for some evidence of incipient pollution effects especially at the lower production
levels (algae, zooplankton and macro-benthos) and these became apparent as the number of
cages increased in the course of time (see 2011 and June & December 2012 SON survey
reports). Suspected impacts included periodic algal blooms, reduced species diversity and
numerical abundance of zooplankton, increase in abundance of pollution-tolerant macro-
benthic forms (mollusks and dipteran larvae) and non-occurrence of the most pollution-
sensitive macro-invertebrates (EPTs) at the site with fish cages (WIC). Going by some of the
results of last two surveys, these earlier observations appear to be changing but consistency of
change will be tested and validated by subsequent surveys.
The study site is located at Bugungu bay in the vicinity of the headwaters of the River Nile,
where the Nile water current is already felt. The study transects are code-named WIC, USC,
and DSC. WIC represents the transect where the fish cages are located. USC is the
control/reference site and is located approximately 1 km upstream of the fish cage transect.
DSC is located approximately 1 km downstream of the fish cages. The parameters investigated
include water column depth profiles, Secchi depths (water transparency), selected physico-
chemical parameters i.e. water temperature, dissolved oxygen, BOD, pH, electrical
conductivity); nutrients status (Soluble Reactive Phosphorus- SRP, Nitrate- Nitrogen N03-N,
Nitrite nitrogen- NOrN, Ammonium-nitrogen NH4-N, Total Nitrogen -TN, Total phosphorus-TP
and Total suspended solids- TSS); algae, zooplankton, macro-benthos and fish communities.
The present report is the third quarter (Q:>' July -September) report for the year 2014 and
presents field observations made durinp '~rvey undertaken in August 2014. The report
prOVides a scientific interpretation ar ' of the results with reference to possible
impacts of the cage facilities to thE> "'It and the selected aquatic biota in and
around the fish cage site. Surve\' -'endations are derived from the data
generated and interpretation r
:5
6Figure 1. Map of the study area showing location of SON Cage Fish Farm and study areas: U5C-
upstream of the fish cages;.WIC- within the fish cages and DSC- downstream of the fish cages,
in Napoleon Gulf, northern Lake Victoria.
2.0 MATERIALS AND METHODS
The survey was conducted at Source of the Nile fish farm located in Napoleon gulf, northern
Lake Victoria (Fig.l). Field measurements and sample collections were made at three points
along each transect representing USC, WIC and DSC with respect to the location and areal
spread of the fish cages. At each sampling point, thee replicate samples were taken for each
parameter under investigation for the purpose of assessing variation in each parameter at each
field site. Coordinate locations for each sample site were determined with a GPS device,
recorded and used to prepare a site locations map (Figure 1).
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2.1 Depth profiles and water transparency
A digital Echo Sound~r was used to determine the total water column depth at each sampling
point. A black and white Secchi disc harnessed with a rope marked at i-metre intervals was
used to determine water column transparency.
2.2 Physical-chemical environment
Physical-chemical parameters (water column' temperature, dissolved oxygen, pH and
conductivity), were measured in-situ with a submersible multi-probe (CTD) containing a data
logger and the data was down-loaded on to a computer for subsequent analysis.
2.3 Nutrient status
Water samples were collected in replicates with a Van Dorn sampler from the study sites and
stored in clean, labeled plastic bottles. Sub-samples for determination of dissolve-d nutrients Le.
soluble reactive phosphor.us (SRP), Total Phosphorus (TP), ammonia-nitrogen (NH3-N) Nitrate-
Nitrogen (N03-N), nitrite-nitrogen (N02-N) and Total Nitrogen were filtered and analyzed by
spectrophotometric methods following procedures by Stainton et 01. (1977). Separate water
sub-samples were analyzed for total suspended solids (TSS).
2.4 Algal community
Water samples for the determination of algae, composition and biomass were collected using a
three-litre a Van dorn sampler, placed in clean, labeled glass scintillation vials for laboratory
analysis. Samples were analyzed using an inverted Microscope following methods by Mosille
(1984) and (Hotzel & Croome 1998)
2.5 Micro-invertebrates (zooplankton) and Macro-invertebrates (macro-benthos)
The zooplankton community was sampled in triplicates at each sample point using a conical
nitex plankton net of 0.25 metre mouth diameter and 60 11m mesh. Concentrated samples were
placed in clean plastic bottles and fixed wit h 4% sugar- formalin. In the laboratory, samples
were rinsed in tap water over a' 50 11m nitex mesh and diluted to a suitable volume depending
on the concentration of each sample. Series of 2ml, 2ml, and 5ml sub-samples were taken from
a well agitated sample using a calibrated automatic bulb pipette, each introduced on to a
plankton counting,chamber and examined under an inverted microscope at x100 m'agnification.
Individual organisms were taxonomically identified using zooplankton taxonomic manuals by
Boxshall & Braide 1991; Korinek 1999; Korovchinsky 1992; Koste 1978. Members of each
species were enumerated and recorded and used to generate composition, distribution and
density data with respect to the study sites.
Macro-benthos community was sampled by taking sediment samples with a Ponar grab having
open jaw area of 238cm2, harnessed with a nylon rope marked at 1- metre intervals. Three grab
hauls were taken from each sampling point and each kept separately for subsequent laboratory
analysis. The bottom type and sediment texture were determined and described from visual
observations and feel between two fingers. Each grab sample was concentrated, placed in
clean, labeled sample bottle, and preserved with 5% formalin. In the laboratory, each sample
was rinsed with tap water and spread on to a clean white plastic tray. Benthic organisms were
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sorted from the sediment using forceps and the sorted sample examined under a dissecting
binocular microscope at x 400 magnification. Taxonomically identification was done using
manuals by Pennak (1953), Mandhal-Barth, (1954) and Epler (1995). All taxa were recorded and
individuals of each taxon enumerated to generate data for community composition,
distribution and abundance of the different taxa in reference to the study sites.
2.6 Fish community
Three fleets of gill-nets comprisin'g panels of mesh sizes 1/1 to 5.5/1 in 0.5/1 increments, and 6 to 8
in 1/1 increments were set overnight at USC, WIC and DSC. The nets were set between 1800hr
and 1900hr on the date of the field day and removed between 0600hr and 0700hr the following
morning.
Fish caught by different nets in each fleet were sorted and identified as in Greenwood (1966).
Some of the cichlid haplochromine fishes whose taxonomic identity could not be determined
were in this survey, treated as a 'single species' group. For each fish species, the number, total
weight (g) and individual total (TL) and standard (SL) lengths (em) of the fish wer~ measured
and recorded. Fork length (FL) was measured for all fish species with forked caudal fins.
Biometric data (Total and Standard length, body weight, sex and gonad maturity state/.stomach
fullness and fat content) were determined and recorded for individual fishes. Fish guts were
carefully removed placed in clean, labeled plastic sample bottles and preserved in 5% formalin
for laboratory analysis of the diet as in Bagenal & Braun (1978). Fish specimens were also
examined for any infection (parasitic or bacterial) both. on the surface and within the visceral
cavity.
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3.0 RESULTS, INFERENCES AND DISCUSSION OF DATA
3.1 PHYSICAL-CHEMICAL PARAMETERS
3.1.1 Total depth (TO)
Total depth in the study area ranged between 2.24 metres at DSC to 13.4 metres at USC, and
contrasted sharply with previous measurements of 2 metres at DSC and 8.53 metres at USC.
The wide variation in depth measurements was probably due to not taking the readings at the
same point on each sampling occasion. Nonetheless, the trend across sites remained as before.
Secchi depth
Secchi depth, a measure of light transparency through the water column as an indicator of .
presence of suspended particles (Le. algae and other sediment materials), ranged between 1.9
metres at USC to 2.21 metres at WIC. This range is considered normal for .Lake Victoria water
and suitable for ~age fish production. The water at the site with fish cages being more
transparent that at other sites is an indication of no possible impacts on secchi depth from the
fish cages.
Dissolved oxygen
Average dissolved oxygen concentration was between 7.3 ± 0.988mg/L at USC and 8.1 ±
0.560mg/L at DSC (Fig. 2); a range considered sufficient for survival of fish and other aquatic life
forms. There was no discernible differentiation of dissolved oxygen concentrations between the
three study sites, indicating no possible impacts from the fish cages at WIC. A dissolved oxygen
level suitable for fish production is 3mg/L (Chapman, 2000; Joseph et aI, 1993).
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Figure 2. Trend in dissolved oxygen across study sites at SON, August 2014
1.3 Temperature
Average water temperature was between 25.0 ± 0.205 0 at USC and 25.4 ± 0.3710 C (Fig. 3),
which is within the optimal range supporting life in water. Successful cage fish farming require a
temperature range between 25.0 and 26.8°C for fish to grow and spawn. Differences in
temperature profiles between the three study sites were minimal and there were no detectable
impacts from the fish cages at WIC.
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1.5 Conductivity
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Figure 3. Trend in average water temperature across study sites at SON} August 2014
Average pH around the cage sites ranged between 7.6 ± 0.988 and 8.1 ± 0.560 {Figure 4}} which
is within optimal pH level of 8 for cage fish farming (Chapman} 2000). When the pH drops below
5 the water becomes unsuitable for fish growth as fish becomes stressed. Differences in pH
between the three study sites were minimal and there was no evidence of possible impacts
from the fish cages.
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Figure 4. Trend in average pH across study sites at SON} Augus.t 2014
Conductivity} a measure of ions as a result of dissolved salts and other materials in the water}
ranged between 95.0 ± 0.516 at USC and 96.8 ± 1.908 IlScm-1 at DSC J~ig. 5). This range is
considered low and within expected values for Lake Victoria. Water conductivity between o()n.d
200 IlScm-1 is indicative of a pristine environment (Wetzel} R. G. 1983) while values above "'ihe
200 JlScm-1 indicates increasing amounts of dissolved ions either from inflowing wastewaters or
other soluble ions in the water. Highest conductivity was recorded at DSC while USC and WIC
had lower and comparable values.
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Figure 5. Trend in average conductivity across study sites at SON, August 2014
Figure 6. Trend in average Biological Oxygen Demand (BODs) across study sites at SON, August
2014
use
Dse
we
we
Dse
use
o
~ 100
'7 995 9800
C 97
£ 96
>~ 95
~ 94
g 93
U 92
20
~
~ 15
e
~ 10
Q
o 5
=
Biological oxygen demand (BODs)
This is the amount of dissolved oxygen needed by aerobic organisms in a water body break
down soluble and particulate organic material to carbon dioxide at certain temperature over a
specific time period. Uneaten fish feeds are part of the biodegradable organic materials
deposited in the water during the feeding of fish in cages. The process of biodegradation
consumes dissolved oxygen at a rate dependent on the quantity of organic materials and the
dilution capacity (Saremi et aI, 2012). According to Claude (2001), the BOOs of fresh waters is
put at 9.08 mg/L while _in aquaculture ponds it rarely exceeds 30 mg/L. Mean BODs at SON cage
farm ranged between. 8.8 ± 4.117 mg/L at USC and 14.2 ± 3.368 mg/L at DSC. This BODs range
was within acceptable concentrations in aquaculture practice (Fig. 6) and the fish cages did not
seem to influence the observed pattern.
In general, the selected physico-chemical parameters determined at SON study sites during
August 2014 monitoring survey do not indicate impacts from the fish cages.
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Soluble reactive phosphorus in water
3.2 NUTRIENTS AND TOTAL SUSPENDED SOLIDS
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3.2.1 Soluble reactive phosphorus (SRP)
Soluble reactive phosphorus (SRP) ranged from 0.00058mgjl at WIC to O.0143mgjl both at the
reference site (USC) and the downstream site (DSC) (Fig.7). The observations suggest that
phosphorus that associated with· the fish cages at WIC may be readi,ly taken up and used for
algal production although the algae results did not confirm this proposition. High SRP
concentrations can lead to extensive algal blooms and consequently low dissolved oxygen
(Gowen and Bradbury 1987)
Figure 7. Trend" ()f mean values of Soluble Reactive Phosphorus (SRP) at the 3 study sites at SON
cage fish farm, August, 2014.
3.2.2 Nitrite-nitrogen (NOz-N)
Nitrate-nitrogen levels varied from <O.OOOOlmgjl WIC, toO.OOOOSmgjl USC (Fig.B). Nitrate and
nitrite can be released from uneaten fish food via microbial activity (Crab et al. 2007) and from
the fish, thernselves (Pei-Yuan ,et.al.2001) and these nutrients are readily taken up by algae.
Figure 8. Trends in mean Nitrite-nitrogen values recorded at the study sites at SON cage fish
farm, August, 2014.
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3.2.3 Ammonium-nitrogen (NH4-N)
Ammonia-nitrogen was generally low at all study sites l ranging from <O.000005mg/1 at WICI to
0.000048mg/1 at DSC (Fig. 9). Observed low concentrations at the site with cages relative to the
control (USC) and downstream site (DSC) suggested no possible sources of this nutrient from
the fish cages. Nonethelessl low ammonium nitrogen levels observed at WIC may be associated
with possible assimilation by pl~nktonic algae or to nitrification process where ammonia is
oxidized to nitrate (Hargreavesl 1998; Hansson l 2005).
Figure 9. Trend in mean Ammonium-Nitrogen values recorded at the study sites at SON cage
fish farm l Augustl 2014.
3.2.4 Total Nitrogen
Total nitrogen ranged from 0.271mg/1 at WIC to O.633mg/1 at DSC (Fig.10)1 a trend similar to
that for total phosphorus (Fig. 10) and Chlorophyll-a (Fig. 12). These trends indicate no possible
impacts from the fish cages at WIC.
Figure 10. Trend in mean Total Nitrogen values recorded at the study sites at SON cage fish
farm l Augustl 2014
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Figure 11. Trend in mean Total Phosphorus values recorded at the study sites at -SON cage fish
farm/ August/ 2014
3.2.5 Chlorophyll a
Levels of Chlorophyll a were nearly the same between USC and WIC but were much higher at
the downstream site (DSC) (Fig. 12). This trend contrasted markedly with that in previous
surveys showing peak chlorophyll a values at WIC.
3.2.6 Total suspended solids (T55)
Figure 12. Trend in mean chlorophyll a values recorded at the study sites at SON cage fish farm/
August/ 2014
- Total suspended solids (TSS) exhibited minimum variation across the study sites Le. 3.06mg/1
WIC/ 3.27mg/1 USC to 3.36mg/1 DSC (Fig. 13); suggesting no possible impacts from the fish
cages. The higher level of TSS at DSC was may have been due to possible wash down of uneaten
feeds and faecal solids from the cage site as observed by Tlusty et al. (2000).
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Total suspended solids in water
15
Figure 13. Variation of valu.es of Total Suspended Solids (TSS) recorded at the study sites at
SON, August, 2014.
The observed levels of the investigated nutrient parameters were generally below those
considered toxic to fish and other aquatic organisms (Boyd, 1996). The phosphate levels, for
example, were less than the normal range (0.lmg-0.2mg/l) for the sustenance of phytoplankton
densities (Sreenivasan, 1965). Recommended ionized ammonia (NH4+) for fish culture is 0.2 -
2.9mg/1 (Joseph et al/ 1993). Permissible levels by NEMA are (ammonia-nitrogen: 10mg/I,
nitrite-nitrogen: 2-20mg/I, soluble phosphorus: 5.0mg/1 and total suspended solids: 100mg/I).
The observed values notably fell below the maximum permissible limits and possible effects of
the fish cages on the nutrient status in the farm area are not evident.
Dse
.. T..
3.5
3.4
3.3 T
~ 3.2
E 3.1 T
2.9 : : :: : : :
2.8
usc we
stations
The levels of all measured nutrient parameters were below those considered toxic to fish and
other aquatic organisms (Boyd, 1996). SRP range (0.0146mg/1 - 0.014mg/l) was less than the
normal range of 0.1mg - 0.2mg/1 (Sreenivasan, 1965) for the sustenance of phytoplankton
density, which constitutes the natural food for many cichlid fishes. According to Joseph etal.
(1993), ammonia (ionized ammonia (NH4+) is limited to 0.2 - 2.9mg/1 for fish culture. The
concentration of total suspended solids at all study sites was low (0.0034-0.0041mgjl)
compared to < 25 mg/I recommended by Maitland (1990) for cage culture. Permissible levels by
NEMA (1999) are: (ammonia - nitrogen: 10mg/I, nitrite-nitrogen: 2 - 20mg/I, soluble
phosphorus: 5.0mgjl and total suspended solids: 100 mg/I). Thus the present results indicate
that levels of the investigated nutrients were below the maximum permissible limits and
confirm the conclusion that the nutrients levels were not likely to significantly alter the natural
water environment or to be harmful to aquatic biota.
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3.3. ZOOPLANKTON COMMUNITY
3.3.1 Species richness and abundance
Total zooplankton species number from the entire study area was 21, with copepods ranging
between 1 and 5; cladocerans, 0 and 5) and rotifers 3 and 8 (Table 1). Mean species numbers
were 4/ 3 and 5 for Copepodai Cladocera and Rotifera respectively compared to 5.3/ 1.9 and
12.2 respectively reported in November 2013. Thus the zooplankton species richness continues
to be driven by copepods and rotifers as previously reported. In the current survey, the total
species richness was highest (15 species) at USC1 and WIC3 and lowest (4 species) at DSC1 and
WIC1 (Table 1). It is noted that the present pattern is in contrast to previous surveys which
depicted persistent species depressions at the site with cages (Mwebaza-Ndawula et al., 2013
In press)~ The most frequently encountered copepod species (> 78%) were: Tropocyclops
tenellus, Thermcyclops neglectus, and Thermodiaptomus galeboides and this observation was
consistent with those of previous surveys (Table 1).
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Table 1. Zooplankton species composition} distribution and abundance across study sites at SON} August 2014
Sites USC 1 USC 2 USC 3 WICI WIC2 WIC3 DSCI DSC2 DSC3 Min Max Mean %age Freq. ofOccurrence
Copepoda
Thermocyclops emini 1,011 - 707 - 1,415 - - 707 - - 1,415 427 44
Thermocyclops neglectus 707 3,234 7,680 - 4,244 6,669 - 101 1,516 - 7,680 2,683 78
Tropocyclops con/innis 404 5,457 1,516 - 2,021 3,234 - 202 - - 5,457 1,426 67
Tropocyclops tenellus 8,791 26,071 18,290 3,335 17,179 10,509 - 5,962 12,227 - 26,071 11,374 89
Thermodiaptomus 1,112 1,415 5,356 707 3,032 404 1,213 5,356 1,471 78galeboides - - -
Calanoid copepodites 1,011 2,223 8,994 808 3,840 6,669 - 1,617 1,920 - 8,994 3,009 89
Cyclopoid copepodite 17,179 58,407 58,003 6,265 42,239 32,740 3,032 12,429 20,109 3 j 032 58,407 27~823 100
Nauplius larvae 75,687 176,839 221,402 34,660 355,092 333,872 41,734 24,252 124,495 24,252 355,092 154,226 100
Copepoda species 5 4 5 2 4 4 1 4 3 1 5 4
Total Copepoda 105}901 273,645 321,948 45,776 426,030 396,725 45,170 45,271 161,479 45,170 426,030 202,438
Cladocera
Bosmina longirostris 808 2,021 3,436 101 404 808 - 404 909 - 3,436 988 89
Ceriodaphnia cornuta 404 808 3,739 - 202 808 - 707 202 - 3,739 763 78
Chydorus sp. - 202 - - - - - - - - 202 22 11
Diaphanosoma excisum - 606 1,718 - - 404 - - - - 1,718 303 33
Moina micrura - 606 606 - 808 3,840 - - 1,213 - 3,840 786 56
Cladocera species 2 5 4 1 3 4
- 2 3 - 5 3
Tot. Cladocera 1,213 4,244 9,499 101 1,415 5,861
-
1,112 2,324
-
9,499 2,863
Rotifera
Ascomorpha sp. 4,547 - - 505 - 1,415 - 404 606 - 4,547 831 56
Asplanchna sp. 505 - - - - - - 101 - - 505 67 22
Brachionus angularis 101 - - - - - 404 - - - 404 56 22
Brachionus calycijlorus - - - - - 606 - - - - 606 67 11
Filinia opoliensis - - - - 1,011 - - - - - 1,011 112 11
Keratella cochlearis 1,314 1,011 909 606 1,213 1,415 - - 505 - 1,415 775 78
KerateJla tropica 1,213 2,829 808 - 1,415 2,425 - 1,011 - - 2,829 1,078 67
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- - - - - - - - - - - - - - - - - - - .-
Lecane bulla 1,516 808 1,011 1,718 404 3,234 2,223 909 2,526 404 3,234 1,594 100
LecaneJuna 1,415 - - 1,011 - - - 1,011 - - 1,415 382 33
Synchaeta sp. 707 - 202 - 3,032 1,415 1,011 - - - 3,032 707 56
Trichocerca cylindrica - 808 606 - 404 1,617 - - - - 1,617 382 44
Rotifera species 8 4 5 4 6 7 3 5 3 3 8 5
Tot. Rotifera 11,318 5,457 3,537 3,840 7,478 12,126 3,638 3,436 3,638 3,436 12,126 6,052
Grandtotal 118,431 283,346 334,983 49,717 434,922 414,712 48,808 49,818 167,441 48,808 434,922 211,353
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Zooplankton abundance was highest at site WIC2 and WIC3 within the fish cage area (Fig. 14)1
representing a significant deviation from previous observations. It is not certain whether the
observed shifts in the distribution patterns of species richness and numerical abundance across
the study sites represent a permanent feature corresponding to recent changes in increase of
cage numbers and horizontal spread vi a vis the positions of the established study sites (see
appendices 1 &2). Subsequent surveys will shed light on whether such changes are a temporary
or represent a new trend.
Figure 14. Zooplankton species richness (A) and numerical abundance (B) across study sitesl at
SON cage fish farm l August 2014.
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Figure 15. Relative contribution of zooplankton broad taxonomic groups to species richness
and numerical abundance across study sites at SON fish cages, August 2014.
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
16000 EJ::i 14000
........
g'12000
~ 10000
U>
as
8000 J o DiatomsE
0 6000 o Green:a
....,
4000 L -Blue green(1)3: 2000
o .
UPS wle DWe
Transects
B
B 3000
.......
=a, 2500
~
~ 2000
U> OOiatomsE1500
.2 1000 J o Greeni 500 ~ • Blue green
o +-
UPS wle owe
Transects
21
3.4 ALGAL COMMUNITY
Figure.16. Wet biomas of major algal taxonomic groups at the three study
sites (A=April 2014 and B= September 2014)
The present observations on zooplankton numerical abundance {Fig. 15) at the study site
indicate a community driven by Copepoda. These trends are in agreement with those of
previous surveys (Mwebaza-Ndawula et 01. 2013) and are characteristic of lake Victoria
nearshore areas.
Strikingly, the wet biomass estimates across the three study site show a considerable reduction
of wet biomass at the site with fish cages (WIC) during the August 2014 survey compared to the
3.4.1 Composition and abundance
The algal.community was composed of three broad taxonomic groups: Blue-green algae, Green
algae and Diatoms (Table 2). Blue-green algae had the highest biomass in ~II three study
transects (Fig. 15A & B); a trend similar to that obtained during the April 2014 survey.
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I situation in April 2014. However it is not ceratin if this change will be sustained or not.Subsequent surveys will clarify these observations.
I 3.4.2. Algal species composition
Table 2. Species checklist of the algal community at study sites at SON fish farm, August 2014.
I Note: X denoted presence of the taxon/species.
I
Algal Taxa:
Blue-greens DSC WIC USC
Chroococcus limnetica X X X
I Aphanocapsa nubilium X XChroococcus dispersus X
Aphanocapsa spp X
I Merismopediatenussima X X
Anabaena circinalis X X
I Chroococcus minutus X XAphanocapsa elachista X X
I
Planktolyngbya
limnetica X X
Planktolyngbya
I circumcreta X XPlanktolyngbya Tailing X
Green algae
I Scenedesmusperfolatus X
Monoraphidium
I contortum X X Xkirchneriella
subsolitaria X X X
I Closterium acerosum X XAnkistrodesmus
I falactus X XChlorella spp XCrucigenia fenestrata X
I Pediastrum simplex X X XStuarastrum cingulum X
Scenedesmus
I perfolatus X XScenedesmus
accuminatus X
I Acitnastrum spp XDidymocystis spp X
I 22
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3.5 MACRO-BENTHOS COMMUNITY
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Table 3. Occurrence of macro-benthos taxa at the three study sites, August 2014.
Note: P denotes presence of the taxon.
:-The: site· with cages (WIC) had the least number of algal species (14) relative to USC and DSC
with 24 and 17 species respectively (Table 2). A similar trend was observed with respect to wet
algal biomass and this represented a sharp contrast with the April 2014 and other earlier
patterns where WIC registered d the highest algal biomass across the tree study sites.
X
X
X
X
x
X
17
X
X
x
X
14
X
X
X
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Cosmorium spp
Diatoms
Synedra cunnigtonii
Nitzschia acicularis
Nitzschia nyassae
Nitzschia fonticola
Navicula Gastrum
Aulacoseira granulata
Cyclostephanodiscus
spp
Total
3.5.1 Composition and abundance
The community was constituted by five broad taxa, namely Bivalvia and Gastropoda (Mollusca
or freshwater snails); Ephemeroptera or mayflies; Diptera or phantom midges and Annelida or
aquatic earthworms. Diptera was the most diverse group, represented by six taxa while
Bivalvia and Annelids were represented by a single taxon each (Table 3). Corbicula africana ,
Bel/amya unicolor, Melanoides tuberculata, Chironomus sp., Chironomins and Chaoborus
sp.were recovered at all the three study sites while Hirudines, Tanypus sp. and Tanytarsus sp.
and Ceratopogonids were found only at the downstream site (DSC). Povil/a adusta was absent
at the .site with fish cages. The highest number of taxa (14) was recorded at the
reference/upstream site (USC) while lower numbers (12) were each recorded at the site with
cages and downstream of cages.
USC WIC OSC
Bivalvia
Corbicula africana P P P
Gastropoda
Bel/amya unicolor P P P
Melanoides tuberculata P P P
Ephemeroptera
Caenis sp. P p
Povilla adusta P P
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Diptera
Chironomus sp. P P P
Tanypus sp P
Tanytarsus sp. P
Chironomins P P P
Ceratopogonids P
Chaoborus sp. P P P
Annelida
Hirudines P
Total number of taxa 14 12 12
3.5.2 Macro-benthos abundance
Bivalvia: Highest mean densities were recorded at USC and WIC and lowest at DSC (Fig.17A).
Highest contributor to mean densities was Corbicu/a africana.
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Figure 17A. Spatial distribution of Bivalvia across study sites at SON, August 2014.
Gastropoda: Highest mean densities were recorded at DSC and USC (Fig. 17B) where the
dominant taxon was Bellamya unic%r.
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Figure 178. Spatial dispersion of Gastropoda across study site at SON/ August 2014.
Ephemeroptera: Highest mean density (65 indiv./m2) was recorded at WIC/ with Povilla adusta
as the main contributor at USC and DSC (Fig.17C). It was notable to find Caenis sp as the
dominant taxon at WIC; an observation not made in past surveys.
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Figure 17C. Spatial distribution of Ephemeroptera across study site at SON/ August 2014.
Diptera: Highest mean density was recorded at DSC while WIC and USC had comparable
concentrations of organisms (Fig. 17D). The highest contributor of mean density at WIC was
Chaoborus and Chironomus larvae while Tanypus sp. dominated the densities at DSC.
Chironomus sp. is an indicator of organic pollution although the highest concentration recorded
25
Figure 170. Spatial distribution of Diptera across study site at SON} August 2014.
Figure 17E. Spatial distribution of Annelida across study site at SON} August 2014.
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this time (30 ind./ m2) was lower than in previous records (Le. 93 indo m-2 in March 2014 and
994 indo m-2 in December 2012).
Annelida: Highest mean abundance occurred at WIC with Oligochaeta as the main contributor
(Fig. 17E).
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3.6 FISH COMMUNITY
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Figure 17F. Spatial distribution of all macro-benthos across study site at SON, August 2014.
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Overall
The overall pattern of mean numerical abundance of macro-benthos showed highest values at
DSC (> 700 ind./m2) while USC and WIC supported comparable mean densities (400-500
ind./m2) (Fig. 17F).
Based on results of the latest two surveys (March and August 2014), the earlier patterns
showing higher macro-benthos densities at WIC appear to be changing. Also, the site with cages
(WIC) was not supporting EPTs in earlier surveys (Mwebaza-Ndawula, 2013) as is the case in the
current results showing occurrence of key ephemeropteran taxa such as P. adusta and Caenis
sp. at WIC. The observed general low abundance of benthic macro-benthos in the study area
compared to the earlier results is possibly due to temporal changes. However, subsequent
surveys will throw more light on these trends.
3.6.1 Composition and catch rates
The fish species caught were Mormyrus kanume (elephant snout fish), Lates niloticus (mputa),
O.niloticus (Nile tilapia) and haplochromines (Nkejje) (Table 4). The highest average catch rates
by numbers (3.4) were obtained at the site with cages (WIC). The highest number of fish species
caught (3) was shared between DSC and WIC.
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Table 4 Catch rates (numbers) of fish species from the study sites at SON FISH farm
2013/ and 2014
Sampling period H2
Aug. 2014
Date of sampling
Season Dry
Family Species Site
Mormyridae Mormyrus kannume U.SC 0
WIC 0
DSC 0.08
All 0.03
Centropomidae Lates niloticus USC 0.08
WIC 0.3
DSC 0.08
All 0.2
~ Oreochromis niloticus USC 0
WIC 0.08
DSC 0
All 0.03
Haplochromines USC 8
WIC 0.5
DSC 0.5
All 3
Overall catch rates USC 2.5
WIC 3.4
DSC 0.3
All 2.1
No of species recovered USC 2
WIC 3
DSC 3
All 4
3.6.2. The haplochromines
Five haplochromine species (Astatotilapia macrops, Astatotilapia,sp. Psammochromis
riponianus, Paralabidochromis "black para" and Paralabidochromis "redfin") were obtained
(Table 5). Highest haplochromine diversity (4 species) was recorded from the upstream site,
while the lowest (1 species) was from the site with fish cages (WIC). The highest haplochromi.ne
catch rates (97) were recorded at USC while the lowest (28.6) was at the site with cages.
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Table 5: Catch rates (by numbers) of haplochromines from study sites at SON FISH farm August}
2014
Sampling period
Date of sampling Aug-14
Season Dry
Genus Species Site
Astatotilapia A. macrops USC 0.3
WIC 0.5
DSC 0.3 -
All sites 0.3
AstatotiJapia sp USC 7
WIC 0
DSC 0
All sites 2.3
Paralabidochromis P. "blackpara" USC 0.25
WIC 0
DSC 0
All sites 0.03
P. redfin USC 0
WIC 0
DSC 0.25
All sites 0.03
Psamm9chromis P. riponianus USC 0.5
WIC 0
DSC O·
All sites 0.2
Overall 97
contribution USC
WIC 28.6
DSC 50
All sites 81.8
No of species 4
caught usc
WIC 1
DSC 2
All sites 5
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3.6.3 Fish catch rates by weight
The highest biomass of fish (99.1 gm) was caught at the site with fish cages (WIC) while USC and
DSC share nearly the same fish biomass (28-29 gm). Highest haplochromine biomass (75 gm)
was obtained at USC (Table 6).
Table 6: Fish catch rates by weight (g) from the study sites at SON FISH farm August, 2014
Sampling period H2
August
Date of sampling 2014
Season Dry
Family Species Site
Mormyridae Mormyrus kannume USC 0
WIC 0
DSC 24.7
All 8.2
Centropomidae Lates niloticus USC 5.1
WIC 4.8
DSC 0.5
All 3.5
Oreochromis niloticus USC 0
WIC 35.8
DSC 0
All 11.9
Haplochromines USC 75
WIC 4
DSC 12.7
All 30.6
Overall Rates USC 28.1
WIC 99.1
DSC 29.1
All 52.1
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3.6.4. Aspects of the biology of common fishes
Summarised aspects of the biology of fishes caught are presented in Table 7. The 6 specimens
of Nile perch caught and examined were immature and had eaten mukene (R. agrentea) as a
main food item and none had parasites. The majority (60%) of the 15 haplochromines
examined were mature, had consumed chironomid larvae as a main food item and had no
parasites. The single Mormyrus kanume caught was found to be mature, had chironomid larvae
as the main food and had no parasite infections. Only 1 O.niloticus was caught, it was mature,
had consumed fish pellets as the main food item and did not have parasite infections. The
results show that insect food items such as the chironomud larvae are a notable food item for _
wild fishes in the study area being shared by haplochromines, mormyrids and possibly other
fishes. It was noted that the single Nile tilapia caught had consumed fish pellets, likely from the
fish cages.
Table 7: Basic biological. parameters of fishes caught from study sites at SON Fish farm, August
2014
Sampling period Parameter examined
Species
Lates niloticus Size range (cm) 8.2 -14.6
% mature Nil
R. argentea (mukene)
Main food type
Parasites found Nil
Number examined 6
Haplochromines Size range (cm) 7.5 - 14.5
% mature 60
Main food type Chironomid larvae
Parasites found (% infection) Nil
Number examined 15
32.5
Mormyrus kannume Size range (em)
% mature Mature
Main food type Chironomid larvae
Parasites found "~"'~N iI
Number examined 1
Oreochromis niloticus Size range (em) 26.1
% mature Mature
Main food type Pellets,
Parasites found
Number examined 1
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3.6.5 Summary of fish data
Four fish species, including hapl·ochromines (Nkejje) as a single species group, were recorded in
and around the fish cages during the survey of August 2014. Fish species diversity was highest
(3) at DSC and WIC and lowest (2) Upstream (USC) of the cages.
Overall mean catch rates during the period were 2.1 fish/net/night and 52.1g/net/night. Catch
rates by number were highest at WIC (3.4fish/net/night) followed by USC (2.5fi~h/net/night)
and then DSC (O.3fish/net/night). By weight, fish catch rates were highest downstream of the
fish cages (DSC).
Five species of haplochromines were recorded in the vicinity of the cages during the survey. The
highest diversity (4 species) was recorded from upstream of the cages followed by the
downstream of the cages (2 species) and last within the cages site (1 species). The overall catch
rate for the haplochromines, was 3 fish/net/night and 30.6g/net/night.
Apart from Lates niloticus, all the fish species examined during the sampling period of August
2014 were mature.
The diet of fishes encountered during" the survey consisted mainly of fish (mukene) and insects,
(chironomid larvae) which are known natural foods of the species caught. Remnants of pellet
food fed to the cage fish were only recovered from the stomach contents of Oreochromis
niloticus (Nile tilapia).
" No infection by fish parasites was observed on/in the fishes caught during the survey.
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4.0 GENERAL CONCLUSIONS
1. There was no indication of deteriorating water quality in the study area with respect to
the investigated physico-chemical parameters.
2. The observed temperature, dissolved oxygen, BOD, pH, conductivity and secchi depth
ranges were all found to represent normal fresh water environmental conditions.
3. Observations on nutrients and total suspended solids in the study area showed that the
parameters were generally below the maximum permissible limits by NEMA and other
environmental standards
4. There is continued dominance of blue green algae but it was noted that this feature is
common around inshore areas in Lake Victoria.
5. The low algal biomass at the site with fish cages (WIC) relative to the other two study
sites was this time the lowest but future records will help establish the consistency or
not of this change.
6. Zooplankton composition and diversity indicated a dramatic change with peak values
- recorded at the site with cages in sharp contrast to past trends. Future records will help
establish the consistency or not of this change.
7. The recovery of an EPT, Caenis sp. at the site with fish cages (WIC) is in a new
development but is in general agreement with the November 2013 when another EPT,
Povilla adusta was recovered at this site. These.are very unusual developments as EPTs
have been not regularly been encountered at WIC in most previous surveys. But these
are in agreement with the generally good environment conditions prevailing at the fish
farm.
8. As suggested in the April 2014 report, the on-going expansion of area (see Appendices 1
&2) covered by fish cages well beyond the original USC/control site and into the
mainstream Nile current may have mitigated some conceived stress factors as a result of
fish cages, hence changes in some of the previous observations regarding phytoplankton
and zooplankton communities and recovery of EPTs at WIC.
9. Low fish catch rates and fish diversity continued to be observed in the study but as
other environmental conditions are generally good this may not be considered an
impact from the fish cages
10. It was remarkable to recover at least one fish (Nile tilapia) that had ingested pellet feeds
supplied to the cage fishes
The overall study conclusion is that although shifts in some biological parameters are
apparent there is so far there is no clear-cut evidence to suggest that fish cages at the SON
cage fish farm have serious negative impacts on the environment and aquatic biota in the
area. Future surveys will shed more light on some of the observed changes.
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5.0 RECOMMENDATIONS
The Observed changes especially in the distribution and abundance patterns of
phytoplankton and zooplankton demand further inquiry to establish the consistency of
the current trends or not.
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Appendix 1
Sample sites and comparison of cage coverage 2011 (L =O.Slkm) and 2014 (L =0.82km) at
different times of Google Earth Imagery, Napoleon Gulf northern Lake Victoria. Year 211
(upper panel; Year 2014 lower panel)
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Current SON fish cage investments (la & b) and NaFIRRI-Chinese experimental cages (2)
in Napoleon Gulf, Lake Victoria. Note the extension beyond upstream sites
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